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Records on 3092 pregnancies distributed over a period of 24 years (1986 to 2010) were used to estimate genetic
and non genetic parameters of threshold traits in Holstein Friesian. Parity, season and year of calving were included
in the model to estimate their effect on replacement traits. A total of 105 sires’ records were used to study the
genetic component of the characters. The overall averages for abnormal and normal births, male–female sex ratios,
mortality and culling rate in females up to age at first calving and female replacement rates based on female births
and total pregnancies were estimated as 12.0% and 88.0%, 52.5% and 47.5%, 23.0% and 7.0% and 70.0% and 29.0%
respectively. The effects of parity and year of calving on above traits were found to be significant, except parity
effects on culling rate and replacement rate based on total pregnancies, which were non-significant. The season ef-
fects for all traits were non-significant. Average 3.45 pregnancies were required to produce one heifer that becomes
replacement of the old and low producer cow. The heritability culling and replacement rate from total pregnancy
were 0.71 and 0.66 suggesting sufficient additive genetic variance for selecting sires in these traits. Better feeding
and health management could reduce mortality and force culling female calves.
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Threshold traits are a special class of characters which
are qualitative on phenotypic scale but they are, on the
contrary, affected by polygenic as well as by environ-
ment. Replacement rate in a cow herd is the function of
calf production, which is influenced by incidences of ab-
normal births, sex ratio, post natal mortality and culling
of heifers from birth to the age at first calving (Banik
and Naskar 2006). The number of replacements heifers
is the most important aspect to the advantage of culling
inferior females. The genetic gain to a great extent de-
pends on the heritability of the trait and intensity of selec-
tion which mainly depends on the number of replacement
heifers entering the herd (Rawal and Tomar 1998). Fur-
thermore, information on genetic and non-genetic param-
eters of replacement rate component traits is helpful in
improving the breeding and management practices in a
cow herd. In view of the above an investigation on* Correspondence: ggoshu2000@yahoo.com
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reproduction in any medium, provided the origestimation of genetic variability and effect of some non
genetic factors viz. parity, season and year of calving on
replacement rate component traits in Holstein Friesian
herd was under taken.Materials and methods
Description of the study area
Holeta Cattle Genetic Improvement Center is located
33 km west of Addis Ababa, in West Shoa Zone of Oro-
mia Regional state. The center lies at longitude 38º 30′ E
and latitude 9º 3′ N and at about 2400 meters above sea
level. The site is characterized by cool sub-tropical cli-
mate with mean maximum and minimum temperatures
of 22.3°C and 6.16°C, respectively with mean relative hu-
midity of 59%. The mean annual rainfall ranged from
818 to 1247 with an average of 1014 mm. The seasons
are classified in to dry, short rainy, and long rainy which
last from October to February, March to May and June
to September, respectively (HARC Holeta Agricultural
Research Center 2008).is is an open access article distributed under the terms of the Creative
mmons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
inal work is properly cited.
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Cows grazing on native pasture from 8:00 am to 3:00 pm
during the rainy season and they are allowed to forage irri-
gated pasture from February to May. Milking cows were
grouped according to their milk production classes as high
(>14 liters), medium (8 to 14 liters) and low (< 8 liters)
yielding and provided with additional 0.5 kg concentrate
per liter of milk, while pregnant dry cows are supplied
with 3 kg of concentrates per day in the last two months
of pregnancy. The concentrate mix was composed of 30%
wheat middling, 30% noug seed cake (Guizeta abysinica),
25% wheat bran, 10% corn, 4% limestone and 1% salt. All
animals had free access to water.
Calves were separated from their dams after birth and
allowed to receive colostrums for the first 5 days of their
age. Bucket-feeding of whole milk continued until wean-
ing at 120 days of age. They were given 5, 4, 3, and 2 li-
ters of milk per day from 5 to 65; 66 to 85; 86 to 105;
and 106 to 120 days of ages, respectively. Besides, some
concentrates and hay starting from the age of 15 days
were provided.
Most of the cows were served at first observed heat
after calving. Heifers were inseminated after maintain-
ing 280 kg of body weight. Heat detections were rou-
tinely followed three times in a day, i.e. early in the
morning after milking; in the resting period in mid day;
and in the afternoon before milking. Heat detections
were carried out by herd attendants and AI technicians.
Services were given after the AI technicians confirmed
the heat status and then pregnancy diagnosis is con-
ducted by manual rectal palpation after three months of
last service.
Regular vaccinations against contagious bovine pleura-
pneumonia, lumpy skin disease, anthrax, and blackleg,
foot and mouth disease and pasteurellosis were given and
treatments provided when incidence of cases observed.
Culling was practiced as a result of fertility failures, chronic
mastitis, tuberculosis, old ages, and emaciations and in
some cases due to low daily milk production.
Data description and analysis
Abnormal birth includes stillbirth and abortion. A calf
born dead between 260 days and full term or calf died
within 24 hrs after birth is designated as stillbirth while
abortion the loss of the fetus between the age of 42 days
and approximately 260 days.
Sex ratio is defined as the probability of a cow at a
given lactation producing a live female calf. Mortality is
the probability of a female calf died before reaching to
the age at first caving. Culling is the probability of a fe-
male calf culled before reaching to the age at first caving.
Replacement rate is defined as proportion of young fe-
males that become replacements to that of the total fe-
males born and of total pregnancies in particular yearA total of 3092 calving collected over 24 years from
1986 to 2010 from 105 Friesian sires were used. In this
study only singleton births were considered. Twin births
were few and removed from the analysis. The traits con-
sidered were abnormal and normal births, sex ratios,
mortality, and culling and survival rate up to the age at
first calving and replacement rates based on female calves
born and total pregnancies. The fixed effects studied were
parity, season and year of calving. Proportions were esti-
mated for each trait and transformed to arcsine and ana-
lyzed using the SAS procedures of General Linear Model




th observation (replacement rate/component traits)
from a cow belonging to kth parity, calved in jth season of
ith year;
μ = overall mean;
Pi = effect of i
th parity of lactation (1… 8+)
Qk = effect of k
th year of calving (1… 24)
Sj = effect of j
th season of calving (1, 2, 3)
eijkl = random error specific to the particular observation
and assumed to be normally and independently distrib-
uted with mean zero and variance σ2 ie.σ2 ~ NID(0, σ2e).
Sex ratio is expected to be 1:1. The equality of observed
overall sex ratio (percent male birth) with expected overall
sex ratio was tested by Chi square (χ2) test.
Random model was used to study the effect of sires on
the different threshold traits. Tomar et al. (1991) devised
a method for genetic analysis of proportion data without
transformation by conducting the analysis of variance
using the following method.
Total sum of squares ¼ pN‐p2N ¼ pqN














ni = number of total progenies of i
th sire
ai = number of affected progenies of i
th sire
N = ∑ni
pi = ai / ni = average incidence of the trait among pro-
genies of ith sire
qi = 1- pi
Sire component of variance (σ2s) was estimated from
the mean squares of between sire (MSs) and within sire




Table 1 Least squares means for the effect of birth season, parity and year on replacement rate and component traits
at Holta Bull Dam Station
Source Total preg. Proportion of birth from total
pregnancy






Abnormal Normal Male Births Female births Died Culled Female births Total Preg.
Overall 3092 360(0.12) 2732(0.88) 1435(0.525) 1297(0.475) 303(0.23) 90(0.07) 904(0.70) 0.29
Season NS NS NS NS NS NS NS NS
Dry 1368 172(0.13) 1198(0.88) 615(0.51) 583(0.49) 142(0.24) 36(0.06) 405(0.70) 0.30
Short 740 83(0.11) 656(0.89) 355(0.54) 301(0.46) 66(0.22) 20(0.07) 215(0.71) 0.29
Long 984 105(0.11) 878(0.89) 465(0.53) 413(0.47) 95(0.23) 34(0.08) 284(0.69) 0.29
Parity * * *** * * NS *** NS
1 898 141(0.16) 757(0.84) 391(0.52) 366(0.48) 97(0.27) 22(0.06) 247(0.67) 0.28
2 660 70(0.11) 590(0.89) 329(0.56) 261(0.44) 61(0.23) 16(0.06) 184(0.70) 0.28
3 493 43(0.09) 450(0.91) 245(0.54) 205(0.46) 46(0.22) 14(0.07) 145(0.71) 0.29
4 373 34(0.09) 339(0.91) 169(0.50) 170(0.50) 35(0.21) 18(0.11) 117(0.69) 0.31
5 258 32(0.12) 226(0.88) 111(0.49) 115(0.51) 30(0.26) 9(0.08) 76(0.66) 0.29
6 169 17(0.10) 152(0.90) 75(0.49) 77(0.51) 10(0.13) 6(0.08) 61(0.79) 0.36
7 113 13(0.12) 100(0.88) 49(0.49) 51(0.51) 14(0.27) 3(0.06) 34(0.67) 0.30
8+ 128 12(0.09) 116(0.91) 66(0.57) 52(0.43) 10(0.19) 2(0.04) 40(0.77) 0.32
Year *** *** *** *** *** *** *** ***
1986-88 70 4(0.06) 66(0.94) 38(0.58) 28(0.42) 0(0.0) 0(0.0 28(1.0) 0.40
1989 71 6(0.08) 65(0.92) 39(0.60) 26(0.40) 0(0.0) 0(0.0) 26(1.00) 0.37
1990 89 11(0.12) 78(0.88) 42(0.54) 36(0.46) 0(0.0) 0(0.0) 36(1.00) 0.40
1991 52 8(0.16) 44(0.84) 21(0.48) 23(0.52) 0(0.0) 0(0.0) 23(1.00) 0.44
1992 39 7(0.19) 32(0.81) 12(0.37) 20(0.63) 0(0.0) 0(0.0) 20(1.00) 0.51
1993 117 10(0.08) 107(0.92) 48(0.45) 59(0.55) 7(0.12) 0(0.0) 51(0.88) 0.44
1994 192 28(0.15) 165(0.85) 84(0.51) 81(0.49) 12(0.15) 3(0.04) 66(0.81) 0.34
1995 123 8(0.07) 115(0.93) 62(0.54) 53(0.46) 13(0.25) 2(0.03) 38(0.72) 0.31
1996 143 19(0.13) 124(0.87) 69(0.56) 55(0.44) 4(0.07) 1(0.02) 50(0.91) 0.35
1997 159 14(0.09) 145(0.91) 81(0.56) 64(0.44) 22(0.34) 2(0.03) 40(0.63) 0.25
1998 177 19(0.11) 158(0.89) 78(0.49) 80(0.51) 17(0.21) 18(0.23) 45(0.56) 0.25
1999 157 9(0.06) 148(0.94) 75(0.51) 73(0.49) 21(0.29) 14(0.19) 38(0.52) 0.24
2000 200 19(0.10) 181(0.90) 100(0.55) 81(0.45) 15(0.19) 10(0.12) 56(0.69) 0.28
2001 190 40(0.21) 151(0.79) 76(0.51) 75(0.49) 17(0.23) 8(0.11) 50(0.67) 0.26
2002 214 25(0.12) 189(0.88) 113(0.60) 76(0.40) 15(0.20) 10(0.13) 51(0.67) 0.24
2003 193 31(0.16) 162(0.84) 83(0.51) 79(0.49) 26(0.33) 5(0.06) 29(0.61) 0.25
2004 175 20(0.11) 155(0.89) 80(0.52) 75(0.48) 20(0.27) 8(0.11) 47(0.63) 0.27
2005 147 17(0.12) 130(0.88) 65(0.50) 65(0.50) 29(0.47) 6(0.09) 30(0.46) 0.20
2006 162 20(0.12) 142(0.88) 74(0.52) 68(0.48) 33(0.49) 1(0.02) 34(0.50) 0.21
2007 175 25(0.14) 150(0.86) 76(0.51) 74(0.49) 36(0.47) 2(0.03) 40(0.49) 0.21
2008 86 4(0.05) 82(0.95) 38(0.46) 44(0.54) 14(0.32) 0(0.0) 30(0.68) 0.35
2009 77 9(0.12) 68(0.88) 41(0.60) 27(0.40) 2(0.07) 0(0.0) 25(0.93) 0.32
2010 84 9(0.11) 75(89.0) 40(0.53) 35(0.47) 0(0.0) 0(0.0) 35(1.00) 0.42
Preg. = pregnancy; * = (P ≤ 0.05); *** = (P ≤ 0.01); NS = not significant.
Figures in parentheses are proportions.
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S = number of sires;
N = total number of observations;
ni = number of observations for i
th sire.
Heritability was estimated using paternal half-sib cor-
relation methods using least squares analysis of variance
for different traits.




  ¼ 4t ¼ 4 σ2sð Þσ2sþσ2wð Þ
Where,
σ2s = sire component of variance
σ2w = σ2e = error variance
Standard error of heritability estimated according to
Tomar et al. (1991).
Results
Averages of replacement rate component traits
The overall averages were 12.0% and 88.0%, 52.5% and
47.5%, 23.0% and 7.0% and 70.0% and 29.0% for abnor-
mal births, normal births, sex ratios, mortality, culling,
replacement rate based on female births and total preg-
nancy, respectively (Table 1). Parity and year of calving
were found to be significant, except parity effects on cul-
ling rate and replacement rate based on total pregnan-
cies, which were non-significant. The season differences
for all the traits observed were non-significant.
Heritability of replacement rate component traits
The heritability estimates of replacement rate and its
component traits are given in Table 2. Low h2 were ob-
served for total calves born, total normal calves born
and female calves born which were 0.11 ± 0.018, 0.12 ±
0.018 and 0.10 ± 0.019, respectively. The heritability esti-
mate of selective value i.e. the total female calvesTable 2 Heritability of replacement rate and its
component traits in Holstein Friesian at Holeta Bull Dam
Station
Trait Heritability ± SE
Abnormal births 0.16 ± 0.009
Sex ratio 0.10 ± 0.019
Mortality 0.18 ± 0.029
Culling 0.71 ± 0.029
Replacement rate from female calves born 0.66 ± 0.029reached to milking herd was observed to be 0.66 ± 0.029
and this value was high; however, the value for coeffi-
cient of gene replication was negative and very small.
Discussion
Averages of replacement rate component traits
The overall average incidence of abnormal birth rates
based on total pregnancies was 12.0% while 88.0% of
births were normal (Table 1). Similar prenatal death rates
were reported by Singh et al. (2002) in Holstein × Sahiwal,
Atrey (2003) in Frieswal crosses and Birhanu et al. (2011)
in Holstein Friesian. The average abnormal births in
Holstein Friesian were higher in dry season than both
rainy seasons but the differences were non-significant.
This might be because of very low seasonal climatic varia-
tions in the area. However, significant season effects on
abnormal births in exotic and crossbred cows were ob-
served by Atrey (2003) and Banik and Naskar (2006). The
differences in observations could be due to wide differ-
ences in seasonal climatic conditions of the locations
where the different herds were located.
The parity of calving had significant effects (P ≤ 0.05)
on prenatal calf losses due to abnormal birth in Holstein
Friesian and agreed with those observed by Kumar et al.
(1995), (Mehrotra and Dey 1998b) in exotic and cross-
bred cattle. The highest incidences of abnormal births
(16.0%) in first parity could be related to under devel-
oped reproductive system in younger cows by the time
of their first calving, resulting in dystocia and prenatal
death of calves. This observation was in conformity with
Birhanu et al. (2011). The year effects on abnormal
births were significant (P ≤ 0.01). This could be attrib-
uted to change in management and health care of
lactating cows over different years. Similar results were
observed by Kumar et al. (1995) and Mukherjee and
Tomar (1997b).
The overall male (52.5%) and female (47.5%) sex ratio
was significantly deviated from expected sex ratio of 1:1
(χ2 c (1, 0.01) =7.31). Similar findings were reported by
Atrey (2003) and Banik and Naskar (2006). Season ef-
fects for sex ratio were non-significant indicating that
the trait is mostly determined by chance factor and not
by environment. Similar observations were also reported
by Mukherjee et al. (2000) and Atrey (2003). The male
birth varies from 49.0% to 57.0% among different parities
and the differences in sex ratios among parities within
male and female groups were significant (P ≤ 0.01). These
findings were contrary to the reports of Rawal and Tomar
(1995) and Mukherjee et al. (2000). The observed higher
male calf ratio than the overall average sex ratio in the
young and older cows were in agreement with Tomar and
Verma (1988a). Such difference in observations for a
chance determined trait cannot be explained with valid
and logical reasons. The year effects on sex ratios were
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and (Lathwal and Kumar 1993).
The average mortality rate in females from birth to
age at first calving was found to be 23.0%. This mortality
rate was high and could be related to inadequate health
and feeding management of heifers, confirming observa-
tions of Birhanu et al. (2011). Higher mortality rates of
35.4 to 63.0% among female calves were reported by
Banik and Naskar (2006). The difference in observations
of various workers may be attributed to the variations in
herd management practices at different farms. Season ef-
fects on mortality rates of females from birth to age at
first calving were found to be non-significant. Similar
non significant season effect on females mortality were
observed by (Lathwal and Kumar 1993) and Mukherjee
and Tomar (1997b) for various cattle herds. Parity ef-
fects on female’s mortality from birth to age at first calv-
ing were found to be significant (P ≤ 0.05). The highest
mortality was observed in the first parity cows which
could be because of lesser skeletal development. Higher
mortality of calves from older cows could be attributed
to the small sample size. Significant parity effects on calf
mortality were reported by Singh et al. (2002) and Atrey
(2003). On the contrary, non-significant parity effects on
female calf mortality were reported by Mukherjee and
Tomar (1997b) and (Tomar and Verma 1988a). Dairy
production in tropical countries like Ethiopia is influ-
enced by poor adaptation of exotic breeds and high calf
mortality. After studying the dynamics of Friesian herds
in four dairy farms Menjo et al. (2009) concluded that
25% of the Holstein Friesian cattle born on the Kenyan
large scale farms were lost before reaching to a productive
age, indicating the limitations of such animals’ adaptability
to the prevailing environmental conditions. Moreover,
Moran (2011) reviewed 17 studies documented on mortal-
ity of calves in Asia, tropical Africa and south America
and summarized that pre-weaning calf mortality ranged
from 15 to 25% and often as high as 50%. The main rea-
sons attributed to the death of exotic breeds in these
countries were poor adaptation coupled with poor health,
feeding and management problems.
The year differences in mortality rates of the Holstein
Friesian heifers were found to be highly significant (P ≤
0.01). This could be attributed to the management and en-
vironmental differences over different years and agreed
with reports of Rawal and Tomar (1994b), Mukherjee and
Tomar (1997b). However, values for the year 2010 should
be interpreted cautiously since animals may not get suffi-
cient time for expression of component traits.
The overall female culling rate up to age at first calving,
computed from total female calves born was observed to
be 7% (Table 1). Lower culling rate in female calves were
reported by (Chaudhery et al. 1984) and Singh et al. (1987)
for Friesian × indigenous crosses breeds. However, Shahiand Kumar (2006) reported a higher culling rate of 17.8%
for Holstein crosses. The observed variations among the
reports may be because of the differences in the manage-
ment practices, standards of culling and replacement need
at different livestock farms. Season differences in culling
rates of female calves were found to be statistically non-
significant. These results agreed with the reports of
(Lathwal and Kumar 1993) and Mukherjee and Tomar
(1997b). The differences in heifer’s culling rates accord-
ing to dam’s parity order were non significant and
agreed with Singh (2001) and Atrey (2003).
Year differences for culling rates in female calves were
highly significant (P ≤ 0.01). This could be resulted from
the variations in disease incidences, climatic conditions,
management practices, replacement need and availability
of replacement heifers over different years. Significant
differences over years for culling rate have been reported
by (Tomar and Rawal 1996) and Mukherjee and Tomar
(1997b).
The overall replacement rate in Holstein Friesian com-
puted from total female calves born was 70.0%. These ob-
servations agreed with 68.5% (Tomar and Verma 1988a)
and 69.5% (Tomar and Rawal, 1994). However, female re-
placement rate at Holeta was lower than 92.2% (Tomar
and Verma 1988b) and 74.7% Atrey (2003) reported for
different cattle herds. The differences due to season of
calving in replacement rate from female calf born were
found to be non significant. However, significant effects of
season of calving on replacement rate on female calf ’s basis
were reported by Tomar and Verma (1988a) and Atrey
(2003). Dams’ parity order was significant and ranged from
66% in 5th parity to 83% in 8th parity. Similar findings were
reported by (Lathwal and Kumar 1993) and Tomar and
Rawal (1994). Lower replacement rate in some parity could
be related to the combined effect of high mortality, culling
and high male births.
The year differences (Table 1) in replacement rates
basis on female calves born were highly significant (P ≤
0.01). This could be attributed to the differences in cul-
ling and mortality of female calves over different years
and supported by the findings of (Lathwal and Kumar
1993) and Atrey (2003). However, Tomar and Verma
(1988b) reported non-significant year effects on replace-
ment rate computed from female calves born.
The overall replacement rate computed from total
pregnancies was estimated as 29.0%. These observations
indicated that about 3 to 4 pregnancies were required to
produce one heifer replacement. The present overall re-
placement rate from total pregnancies was lower than
the reports of Tomar and Rawal (1994), and (Tomar and
Verma 1988a). The season differences in replacement rates
based on total pregnancies was not significant and agreed
with Tomar and Rawal (1994). Whereas, Tomar and
Verma (1988a) and Atrey (2003) has reported significant
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cies. The average replacement rate based on total pregnan-
cies among dam’s parities ranged from lowest of 28% in 1st
and 2nd parity to 36% in 6th parity. However, no definite
trend was observed for replacement rate among dam’s par-
ities and the observed differences were non-significant.
The year effects on replacement rate based on total
pregnancies were highly significant (P ≤ 0.01). Significantly
lower replacement rates in some years may be because of
very high abnormal birth, mortality and culling rates dur-
ing these years. These findings agreed with Tomar and
Rawal (1994) and Atrey (2003).
Heritability of replacement rate component traits
The low heritability (0.16 ± 0.01) of abnormal birth in
Holstein Friesian indicated very small chances of redu-
cing the abnormal birth through selection. This finding
was in complete conformity with the reports of (Rawal
and Tomar 1996c). However, Rawal and Tomar (1996a)
and Atrey (2003) have reported heritability values ran-
ging from 0.042 to 0.10. The low heritability (0.10 ±
0.02) for sex ratio could be due to chance factor and was
in agreement to that of 0.095 (Rawal and Tomar 1995).
Very low heritability estimates (0.016) for sex ratio have
been observed by Lathwal and Kumar (1993) in zebu
and 0.017 by Powell et al. (1975) in exotic cattle. These
reports showed that the variation in sex ratio was mainly
due to non genetic factors consisting of random union
of gametes in determination of sex of the calf.
The heritability estimate of mortality in Holstein
Friesian female calves was 0.18 ± 0.03 suggesting that se-
lection could be used for reducing the mortality rate in
female calves genetically. Very close findings were re-
ported by Atrey (2003). Medium heritability estimate
(0.38) was found Lathwal and Kumar (1993) for the
mortality in female calves. Improvement in non-genetic
factors viz. feeding, health and overall management of
heifers could be more helpful in reducing the female calf
mortality. The heritability of culling rate in female
calves from birth to age at first calving was high (0.71 ±
0.03), suggesting that culling rate in female calves could
be altered through selection among the female progen-
ies of the different sires. Moreover, culling in female
calves as a result of poor growth, reproductive problems
and susceptibility to diseases and parasites might have
been influenced by inherited genes related to the genetic
makeup of the calf, hence contributing to the high herit-
ability of the trait. However, lower heritability values of
culling rate than the present estimate were reported by
(Schwenger et al. 1989) and Atrey (2003) for different
breeds of cattle. Replacement rate from female calf
births had high heritability (0.66 ± 0.03) indicating and
sires of the daughter greatly affected the status of female
calves reaching to the milking herd. Lower heritabilityof 0.23 (Mukherjee and Tomar 1997b) has been re-
ported for a tropical breed of cattle. In the present study
ANOVA method without transformation was used.
Since the method can present negative estimates espe-
cially when the error term is high, it is plausible to con-
sider linear threshold model for genetic analysis for big
data set.
Conclusion
From the foregoing discussion, it could be concluded
that on an average 3.45 pregnancies are required to pro-
duce one heifer that become replacement of the old and
low producer cows. Further, sufficient additive genetic
variance was available to affect the selection for low inci-
dence of abnormal births, low female calf mortality rate,
and low female culling rate.
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